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PREFACE 



The unprecedented worldwide effort in superconductivity i*setr*h-.that has 
taken place Over the past two years has produced an enormous amount of experi- 
mental data on the properties of the copper oxide type materials that exhibit 
supercondu<*ivity above the temperature of liquid nitrogen. The time is now ripe 
to bring together in one place the results of this research effort so that scientists 
working m this field can better acquire an overall perspective, and at the same 
time have available in one place a collection of detailed experimental data This 
volume reviews the experimental aspects of the field of oxide superconductivity 
with transition temperatures from 30 K to above 120 K. from the time of its 
discovery by Bednorz and Matter in April 1986 until a few months after the 
award of the Nobel Prize to them in October 1987. During this period a consis- 
tent expenmental description of many of the properties of the principal super, 
conducting compounds such as BiSrCaCuO. LaSrCuO. TlBaCaCuO, and YBa- 
CuO has emerged. At the same time there has been a continual debate on the 
extent to which the BCS theory and the electron-phonon interaction mechanism 
apply to the new materials, and new theoretical models are periodically pro- 
posed. We discuss these matters and. when appropriate, make comparisons 
with transition metal and other previously known superconductors. Many of the 
expenmental results are summarized in figures and tables. 

The field of high-temperature superconductivity is still" evolving, and some 
ideas and explanations may be changed by the time these notes appear in print 
Nevertheless, it is helpful to discuss them here to give insights into work now in 
progress, to give coherence to the present work, and to provide guidance for 
future work. It is hoped that in the not too distant future the Held will settle 
down enough to permit a more definitive monograph to be written 
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PREPARATION AND 
CHARACTERIZATION OF SAMPLES 



A. INTRODUCTION 

Copper oxide superconductors with a purity sufficient to exhibit zero resistivity 
or to demonstrate levitation (EarJy) are not difficult to synthesize. We believe 
that this is at least partially responsible for the explosive worldwide growth in 
these materials. Nevertheless, it should be emphasized that the preparation of 
these samples does involve some risks since the procedures are carried out at 
quite high temperatures, often in oxygen atmospheres. In addition, some of the 
chemicals are toxic, and in the case of thallium compounds the degree of toxicity 
is extremely high $0 ingestion, inhalation, and contact with the skin must be 
prevented. 

The superconducting properties of the copper oxide compounds are quite 
sensitive to the method of preparation and annealing. Multiphase samples con- 
taining fractions with T Q above liquid nitrogen temperature (Monec) can be syn- 
thesized using rather crude techniques, but really high-grade single-phase speci- 
mens require careful attention to such factors as temperature control, oxygen 
content of the surrounding gas, annealing cycles, grain sizes, and pelletizing 
procedures. The ratio of cations in the final sample is important, but even more 
critical and more difficult to control is the oxygen content. However, in the case 
of the Bi* and Tl-based compounds, the superconducting properties are less sen- 
sitive to the oxygen content. 

Figure Vrl illustrates how preparation conditions can influence supercon- 
ducting properties. It shows how the calcination temperature, the annealing 
time, and the quenching conditions affect the resistivity drop at 7" c of a BiSrCa- 
CuO pellet, a related copper-enriched specimen, and an aluminum-doped coun- 
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Fig. V-l, Effects of heat treatments on the resistivity transition of BiSrCaOsOu W 
calcined at 860° C, (b) calcined at 885°C, (c) calcined at 90l°C, (d) alumiQunwfepd 
sample calcined at 875°C, prolonged annealing, (e) copper-rich sample calcined M 
860°C, (J) aluminum-doped sample calcined at $85°C f slow quenching and {g) cakuctf 
at B85°C, prolonged annealing, and slow quenching (Chuz5). 



terpart (ChuzS). These samples were all calcined and annealed in the same tm* 
perature range and air-quenched to room temperature. ^ 

Polycrystalline samples are the easiest to prepare, and much of the early rtk 
was carried out with them. Of greater significance is work carried out with thai 
films and single crystals, and these require more specialized preparation tech* 
niques* More and more of the recent work has been done with such samples. : 

Many authors have provided sample preparation information, and othen 
have detailed heat treatments and oxygen control. Some representative tech- 
niques will be discussed. _j r - 

The beginning of this chapter will treat methods of preparing bulk supereoiv 
ducting samples in general, and then samples of special types such as thinffc» 
and single crystals. The remainder of the chapter will discuss ways of ch **jJ 
the composition and quality. of the samples. The thermodynamic or subsoftte 
phase diagram of the ternary Y-Ba-Cu oxide system illustrated in Fig. V-2 
tains several stable stoichiometric compounds such as the end-point on» 
Y 2 0 3> BaO. and CuO at the apices, the binary oxides stable at 950 6 . (BajCuO* 
Ba 2 Cu0 3> BaCu0 2 , Y 2 Cu 2 0 5 , Y^O*, Y 2 Ba0 4 , and (Y^O,), alon «*™ 
edges, and ternary oxides such as (YBaaCu^Oy), the semiconducting green pftJK 
Y 2 BaCuO s , and the superconducting black solid YBa 2 Cuj0 7 * in the mtenc* 
(Beye2, Bour3, Capol, Eagil, Frase, Hosoy, Jonel, Kaise, Kurth. Ku» 
Leez3, Lianl, MaJil, Schni, Schni, Schul, Takay, Torra. Wagne). C 0 ™^^ 
in parentheses are not on the figure, but are reported by other # £ 
existence of a narrow range of solid solution was reported (Panso), and 
argued against (Wagne) by the same group. 
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B. METHODS OF PREPARATION 

Inth^ 



TO 917033053599 P. 22 



62 PREPARATION AND CHARACTERIZATION OF SAMPLES 

(e.g., Davis, Holla, Kelle). These comoounds &t*> s *^ * - * 

«tios and ground to a fine powder to K£t 'S? 

these room-temperature^stable alts a™- ™>*w^ u , . ? ;i Then 

riod <-20hr) a^evat^Sn^S ^O^!^ " ? KMW ** 
, t . _ . . . . ««i»w«mto« v ww c>. This process may be repeated 

S-h 1 a PU VenZmg and mMn « of 4,16 Partially calcined materS S 

each step. As the reaction proceeds, the color of the charge chJ^r^fn^!! 
usually ends with a final oxygen anneal followed ^XmZS^S^Z 
temperature of the powder, or pellets made from tL JoZ^^ZZZ?^ 
cold or hot press Sintering is^ot m^T£S2£i 
^nsport and other measurements it is convenient to have^Sal 
*ed. A number of researchers have provided information on th "SS£2 
achon approach (e.g., Allge, Finez, Galla, Garla. Gopal, Gubse £ Li 

suspension of the calcined powder in a suitable organic binder and the 

IcM Thi, 8 ™° ^f^Wrt P rin ™* »"ine which extracts L nitZ 

mil! U recom™ n tTr } V"*? 6 "* an agate mortar and pestle or a bail 

TvS^lt "^ P " f ° r the YBa * mat * rial have be » bribed (e g Gran2) 

g«en Y, Ba CuO ^E? YBaCu ° mixture chan S es from the 

K 1^^*212;^^ YBa ^°"* compound. Then the 
warSn !h hv r i T ,1 and J canned X rays to determine its purity. If 
0?t™ l ? Powder pattern X-ray scan, the calcination process is repeated 
Often, at th,s stage the materia, is very o W n poor, and dtwctJiKS 



